Background: Sometimes the measures taken to make a radiology department more effective, such as prioritizing the workload and keeping equipment running for as many hours as staffing permits, are not enough. In such cases, outsourcing radiological examinations is a potential solution for reducing waiting times. Purpose: To investigate differences in waiting time, quality and costs between magnetic resonance (MR) examinations performed in a university hospital and examinations outsourced to private service. Material and Methods: We retrospectively selected a group of consecutive, outsourced MR examinations (n ¼ 97) and a control group of in-house MR examinations, matched for type of examination. In each group there were referrals that had a specified preferred timeframe for completion. We measured the percentage of cases in which this timeframe was met and if it was not met, how many days exceeded the preferred time. In referrals without a specified preferred timeframe, we also calculated the waiting time. Quality standards were measured by the percentage of examinations that had to be re-done and re-assessed. Finally, we calculated the cumulative costs, taking into account the costs for re-doing and re-assessing examinations. Results: There was no statistically significant difference between the groups, in either the number of examinations that were not performed within the preferred time or the number of days that exceeded the preferred timeframe. For referrals without a preferred timeframe, the waiting time was shorter for outsourced examinations than those not outsourced. There were no differences in the number of examinations that had to be re-done, but more examinations needed to be re-assessed in the outsourced group than in the in-house group. The calculated costs for outsourced examinations were lower than the costs for internally performed examinations. Conclusion: Outsourcing magnetic resonance examinations may be an effective way of reducing a radiology department's workload. Ways in which to reduce the additional costs incurred for re-assessment of outsourced examinations must be investigated further.
Technical developments and the increased use of digital imaging picture archiving and communication systems (PACS) have made radiological images obtainable and exchangeable between any department equipped with such system (1) . These advances, together with improvements in imaging techniques, have opened a new market for radiological products including private radiological centers and teleradiology services.
In this environment and in an effort to maintain both an acceptable level of availability for patients and an acceptable workload for radiology staff, some hospitals outsource a percentage of their radiological examinations to external private institutions.
Outsourcing implies that it is the radiological department rather than the referring physician that makes the final decision as to where the examination can be performed. This type of outsourcing can either refer to distant interpretation of the examination and report writing by a teleradiological service (1, 2) ; distant performance of the examination with interpretation at the hospital, or outsourcing both the examination and its interpretation to an external radiological department.
In recent years, a percentage of the radiological examinations requested by our hospital have been outsourced to external private institutions. This reflects a longstanding cooperation between public hospitals and external private institutions that functions without a formal, organized framework. In 2007, our department received 43,700 requests for elective investigations. The Board of Directors at the Karolinska University Hospital decided that referring clinicians could only request radiological examinations internally within the hospital. All outsourcing is handled by the radiology department. Once the request for an elective radiological investigation reaches our department, it is registered at the archiving office. The referral is then sent to the scheduling staff, who separates the referrals into the different clinical areas. A consultant radiologist responsible for each area decides whether the examination will be performed internally or not, the main focus being on shortening the waiting time. After the referrals are evaluated by the consultant radiologists, they are returned to the appointment scheduling staff who books the examination. In this study, the administrative work as a whole is called the 'assessment phase' (Fig. 1 ). During 2006, 5.7% of examinations, including all imaging methods, were outsourced.
Our practice of outsourcing MR examinations in this way stems from a situation of need. The policy gives rise to the following questions: † Are outsourced MR examinations performed within the timeframes requested by the referring physicians? † Do the outsourced examinations have the same quality as examinations performed at our institution? † Is outsourcing cost-effective?
The question of the quality of the examinations is particularly important: examinations of inferior quality may still be cost-effective in the short run, but would lead to increased expenses to compensate for mistakes and shortcomings in the long run.
The aim of this study was to compare outsourced and in-house magnetic resonance (MR) examinations, with respect to waiting time, quality and cost.
Material and Methods

Group selection
All MR examinations of patients that were requested by the Department of Oncology in the first trimester of 2005 and 2006 and referred by our department to private external agents (Group B ¼ outsourced, n ¼ 97) were retrospectively included in the study. Any examination marked as 'emergency' and all neurological examinations were excluded from the study.
An equal number of MR examinations that were matched by the organ examined, and which were performed and interpreted in-house at our institution was selected as a control group, (Group A ¼ not outsourced, n ¼ 97).
Timing of the examinations
In both groups, we used the HIS (hospital information system) and RIS (radiology information system) to identify and calculate the processing times. Referrals from each group fall into two categories: those where a preferred timeframe was specified, and those where no such timeframe was specified. When a timeframe was indicated in the referral, we calculated how often the preferred timeframe was exceeded, and by how many days.
When no timeframe was indicated, we simply calculated the time in days the patient had to wait for the examination.
Quality of the examinations
We looked at surrogate markers of examination quality by comparing the need for additional imaging and re-assessment of images. Examination quality was assessed using two parameters: the quality of the examination per se and the quality of the radiologist's interpretation. The former was assessed by measuring the number of examinations that needed additional imaging and the latter by measuring the number of examinations that needed to be re-interpreted at the university hospital (i.e. the requesting physician judged the report unsatisfactory and requested a re-assessment).
Costs
The cost of each examination was calculated by totaling the costs of the different actions performed for each patient's Fig. 1 The different stages a radiological examination referral passes through, from writing the referral to obtaining the report. In most cases, the process is straightforward, moving from the stage when the referral is written (T1) to the stage when the report is signed by the radiologist (T4). However, in some cases, additional imaging is needed, or the examination has to be re-assessed. In these cases, the referral must continue through the extra stages of writing a new referral through to obtaining the additional report (T5 -T8). This means that it takes a longer time for the clinician to obtain the report referral. It should be noted that examination costs changed between 2005 and 2006. Moreover, the cost of re-assessment differed from year to year and also according to the type of re-assessment required. Re-assessments were separated into four different categories with increasing costs depending on the complexity of the re-assessment and the time needed to complete it. Simple ¼ evaluation of a single examination; Comprehensive ¼ evaluation of a single examination and comparison with previous examinations; Review ¼ evaluation of several examinations from more than one modality for comparison; Time consuming ¼ evaluation of several examinations from different modalities and different time-points (Table 1) .
We calculated the cost of administrative work during the assessment phase for each request on the basis of minutes of work dedicated to each request by the three different personnel categories involved at our institution: archiving personnel, scheduling personnel, and the consultant radiologist. Finally we multiplied the average cost per minute of each personnel category with the number of minutes dedicated to each request.
Statistical analysis
The number of examinations which were not performed within the requested timeframe and the number of examinations without a timeframe specified by the clinician are expressed as absolute value/n, as well as a percentage value, followed by the number of days by which the timeframe was exceeded, expressed as mean (and range in brackets). Data were analyzed by unpaired t test and differences were considered significant for P , 0. 5.
The number of examinations that needed additional imaging procedures as well as the number of examinations that needed to be re-interpreted are expressed as absolute value/n and percentage values. Differences were tested by means of the Fischer test and were considered significant for P , 0.05. All examination costs are expressed in Euros.
Patient groups
In groups A and B, 37 examinations were identified in 2005 and 60 examinations in 2006, respectively (n ¼ 97). Each group consisted of 58 pelvic, 16 musculoskeletal, 10 head and neck, and 13 abdominal MR examinations. In four cases, a precise waiting time calculation was not possible because files were missing in the archive system. Therefore, n ¼ 93 for waiting time calculation, but n ¼ 97 for quality and cost calculation.
Results
Waiting time
The referring physician specified a preferred timeframe for the examination in 59/93 (63%) referrals in Group A and 65/93 (69%) in Group B.
This timeframe was not met in 37 (39%) of the cases in Group A and in 34 (36%) of the cases in Group B. In these cases the waiting time exceeded the requested time, on average, by 18 (range 1 -77) days in Group A and by 22 (range 1 -73) days in Group B (P ¼ 0.4). Thus, we did observe a difference in the management of examinations with preferred timeframe, but this difference was not statistically significant ( Table 2) .
The referring physician did not specify a preferred timeframe for the examination in 34/93 (36%) cases in Group A or for 28/93 (30%) cases in Group B.
The waiting time in these cases amounted to 55 (range 2-106) days for Group A and 36 (range 15-81) days for Group B (P , 0.001). Thus, we observed a significantly shorter waiting time for outsourced examinations, when no preferred timeframe was indicated on the referral, compared to the in-house group ( Table 3) .
Quality of the examinations
No additional imaging procedures related to shortcomings of the MR examination were needed in either group.
Quality of the interpretations
In Group A, a re-assessment request was issued by the referring department in 13 out of 97 examinations (14%): 11 pelvic, one head and neck and one abdominal examination. In Group B, such requests involved 27 out of 97 examinations (28%): 17 pelvic, one head and neck, three musculoskeletal and six abdominal examinations (P , 0.032).
Costs of the examinations
The total cost of Group A examinations was E57,979.90, plus E1852 Euros for re-assessments, for a total of E59,831.90, giving an average cost of E616.80 per examination.
The total cost of Group B examinations was E44,900, plus E4648 for re-assessments for a total of E49,548, giving an average cost of E510.80 per examination.
Examinations in Group B were significantly cheaper than examinations in Group A, even when taking into account the increased incidence of re-assessments ( Fig. 2) . 
Costs of the administrative work
The average time dedicated to each request was 2 minutes for picture archiving (average monthly cost E2628), 24 minutes for scheduling (average monthly cost E3014) and 5 minutes for the consultant radiologist (average monthly cost E8299). An average administrative cost of E13 for each request was obtained ( Table 4 ). The calculated administrative cost for registration and scheduling a subsequent re-assessment request was E5 per request.
Discussion
This retrospective study demonstrates that MR examinations outsourced from a university hospital to private radiological institutions were performed within the requested timeframes just as often as those performed in-house. When no preferred timeframe was specified, the outsourced examinations were performed more rapidly than those performed in-house. Finally, outsourced examinations entailed lower costs than matched, in-house examinations.
While differences in the interpretation quality of the outsourced and in-house examinations could not be directly evaluated with the methods used in this study, we observed a larger number of requested re-assessments in the group of outsourced examinations. This may reflect inferior interpretation quality of the outsourced examinations but it perhaps also suggests a need for direct communication at a radiology conference, a service which the private institutions did not provide. Hypothetically, outsourcing the examination but not its interpretation could be a way of circumventing this problem and thereby improving quality. However, the impact of such a solution on the other parameters remains to be assessed. This study did not take into account the impact of outsourcing on the patient who is receiving the services. While the effects on the patient from outsourcing a radiological examination may not be relevant in the short run, they could be of major importance in the long run. Indeed, the patient's perspective on the outsourcing of their examination deserves appropriate assessment.
This study did not attempt to investigate ways of making the outsourcing of radiological examinations cheaper. In fact, the current outsourcing system at our institution was established without any defined criteria and also with no overall, formal agreements between the university hospital and the private service. It is possible that the costeffectiveness of outsourcing could be improved, were more formalized framework for cooperation organized within the healthcare system.
Because of recent technological advances, radiology is both particularly suited to and vulnerable to outsourcing (3, 4) . In a global economy, it is even subject to foreign competition (5) . The purpose of healthcare is to provide quick, good and cost-effective healthcare for everyone, but this healthcare ideal is difficult to achieve (6) . Outsourcing is currently one of the major issues in healthcare. There are two major concerns related to the quality of outsourced services within the public healthcare sector, namely the accuracy and reliability of these services and also their cost-effectiveness (7) . John Wiley and Sons Ltd demonstrated in their study that 'Despite the overall positive outsourcing experience expressed in the survey, the results on perceived benefits showed that the effects of outsourcing did not always align to managers' expectations, especially in the cost containment and efficiency area' (8) .
The subject of outsourcing triggers debates and widely differing opinions. Some foresee the possibility that high volumes of routine daytime radiological examinations will be outsourced, because the reports will be provided either more quickly or more accurately, or both (9, 10) . Others may argue that the administration costs of outsourced services exceed the benefit. A negative consequence of outsourcing is that it may lead to a narrower panorama of in-house investigations, which may hamper the professional education of both radiographers and radiologists. The reduction of the number of in-house procedures itself may also have a negative impact on examination quality. The results of this study must be seen in the context of the Swedish healthcare system. Within this system, hospital departments have a defined budget where each procedure performed is regarded as a cost. If these budget estimates are exceeded, the customers/patients become a burden on rather than an asset to the department. Public hospitals are also usually large organizations with a range of administrative, research and educational activities and costs in such a setting are difficult to calculate and compensate since the different activities are performed together. The system resembles zero-base budgeting (ZBB). Zero-base budgeting is an operating, planning, and budgeting process that requires each manager to justify his entire budget request in detail.
The burden of proof shifts to each manager who must justify why he or she should spend any money at all (11) . ZBB's detail-oriented nature may require a rolling process done over a longer timeframe, thus providing the opportunity for managers to review efficient areas a few at a time. One benefit of a zero-based budgeting approach is that it can potentially lower costs by avoiding a bureaucratic, 'one size fits all' blanket approach. 'It is, however, a timeconsuming process that takes much longer than traditional, cost-based budgeting' (12) . On the other hand, private radiological institutions may still be driven by productivity and the number of patients examined. Such organizations are more flexible and may adapt more easily to changes in the need for radiological procedures.
This study has some limitations. First of all, we had to select a sample of examinations from only two years and from just one referring department. Although we believe that the oncological clinic is representative of a department with many complicated radiological examination needs, the results might have been different had other referring departments been selected.
It is also possible that the decision by the radiologist to outsource the examination may introduce a bias within the type of examinations selected. The outsourced referrals may have been those where medical imaging was needed more urgently than those performed at the hospital. Secondly, this study focused on the first quarters of 2005 and 2006. The PACS system was introduced in our hospital in October 2005 and, therefore, in early 2006 the system was still new. It is likely that the PACS system was not yet being used as efficiently here as compared to a private agent with longer PACS experience. Our study did not investigate these differences. However, the availability of PACS did have an impact on our ability to obtain the correct data for calculations concerning the total cost. For this reason we did not factor PACS costs into our calculation.
Finally, we chose the number of examinations that were re-assessed, re-imaged or repeated as surrogate markers. We chose these parameters because we were not able to review the MR examinations without bias. During the study, it was not possible to remove information on the MR images that revealed where they were performed, we were unable to review details in imaging quality that might have been different.
In conclusion, outsourcing magnetic resonance examinations may be an effective way of lightening a radiology department's workload. Issues around the quality of the radiological examinations and their assessment, as well as potential improvements that could result from organizing outsourcing more efficiently, require further study.
